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Re viw a rticle 1
Ta xbn o my ofs apr ophytic andpathoge nicfunglin the Onyge nales
Randolph S. C ur r ah
'
(Departm e nt Of pathoge nic fungi, division of ec olog y)
lntrodu Gtio n
For the medicalrnyc ologist, the Ony gen ale sis o ne
of the m ostim porta nt taxo n omic gro ups Of fungi.
T he taxon en c o mpasse 8 a Serie$ Of cleistothecial
a sco myceteBthat prodllC e S Sm a.ll, hyal in e o rlightly
c olo red as c o spore sin e v a nes c ent as ci, ･Peridia enclos-
ingthe a sc o8pOre S are Variable. M itoBpOre昌(c onidia)
a re c o m m o nin alm o 8t al 1the spe cie s and all ar e
r eleas ed rhe xolytic ally,i. 8 . , by dissolutio n ornlPture
ofthe subtending cell(s). T he orderis usu ally c o n sid-
ered 且 8istergrollP Of the Eu r otiale s a nd tlle tw o
lim e8geShave be e nincllユded traditionally･in the cla8B
Tlecto mycetes
”
bec a use Of the r a ndo rnly dispos ed,
m o reo rles sglobo s e a scithatde velop within a clei8t
otheciu m . The Bu roti81e8 differfro mthe Onyge n ales
n e st m arktidlyin the pr o血 ctio n of mitospo r e s which
aret18tl&11yformed by 且 Phialidic proc es s. ln fact, in
the abs enc e Of a conidia15ta,te, itis s om etim es diffi-
c llt to determineif a plecto mycetous is olate belong昌
to the Bu rotiaユe白 O r Ony ge n aleB. T h8 taエa inclllded
a mo rlg the Ony g8nales are fou nd in a v ariety of
natur al habitat8 including s oil, w o od and dtlng. a nd
s o m e areth㊤ CallS al geELtS Of co mm o nand im porta nt
TnyCO声e Sin hum a ns a nd othE)ranim als(e. ど. , adiasI
pir o myc osis, bla8tOm yC Oβis, d8 rm atOphytoBis, his-
*
Fo r eign r es ea rcher , glle St Pr Ofe s siO r Of the R e s e a r ch
Ce nte rfo r Pathogerlic_Fu ngi a nd M ic r ob ial To xic o 8e S.
Ch iba Univ er sity, Japan(1 997)
A d dre 8 Sfo r corre 8pO nde n c8 :Depa rtm erlt Of B iologl C al
Science , Fa c ulty of Scie n c e. U niv e r slty Of A lbe rt且 ,
E dm o nto n. A lbe rta , Ca n ada T 6J 3 T 7
toplas 血OSi8 a ndonycho myc osis).
-Untilthe mi d 1980
'
畠, m o staSC O myCete8in whichthe
asciand a白C O8pOre SW ereSu r O u rldcd at m aturity by a
m esh-like peridium wer e placed in the fami ly
GyT nnOaS C a C e 8 e(Be n ny 8.ndtくimbr otlgh, 1980). T his
asse mblageincludeda_fewfunginoted fo rtheir ability
to c a us edisea sein hu m ans and ot.her rn a m m al畠 al-
tho1gh m any, in cluding the type. qym n o asc us reesll,
were h r mles sin this respect. By redtlCing em phasis
o npcridial m orpholog ya nd bylookingfo rc o ngr ue nce
in otherch8ra Ct8r白 a 8 $ O Ciated withthe m orpholog yof
8eX tl al and as e n 18 spo res, azld the ec ol gic alrliche of
the c om po n ent species, Ctlr rah(1985) a rglledthat the
m esh-like peridiu m w a s a co n verge nt character a nd
co n s eqllently of relativ ely little t8 ⅩOnOmic v alll e
abov ethegen tl Sle v el. It w ag aS8 u m edthat thedriving
force b8hirld thi5 CO n Vergen C e W a s adaptatio n to
di畠pe r Bal by anim al v e ctor s, p8.rtic ularly arthr opod昌,
andt hat the m esh-like peridiu mhad developedse veral
tim e sa s an effe ctive
'
m e a n BtO abiologically esse ntial
e nd
.
Co ns eque ntly, species and gene ra With other
str o ngly c o rrelated fe ature s(a scosporesc ulpturing,
en zym atic abilities, etc.) w e re r ear rangeda mo Tlgfour
fami lies(Arthrodor m atac ea e, G ymn o asc acee, Myx o-
trichac8a e and Ony ge n a ce a) and a ne wly revised
order, Ony ge n ales, w a spresented.
It should bc n oted here that v o n Ar又(1987) pre-
sented an altern ative a nd m oreliber alw ay ofclassify-
ing the Plecto mycetes . Eis rrla30 r Criterio n for
Sepa ratingta x awasbased on aB C OSPOreShape andthis
ap pr o ach, by c oincidence, als o restlted in the cir c u-
m s cription of fo u rfamilies(Euroti且Ce ae, Gym n o 且S C 且e ae,
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onygena c e a e, a nd Am atlr O aSC Ce a e) within the o rder
Eu rotiales. Tw o ofthesefami liesbe ar the sam e n a m e
a sthos e outlin ed by Cur r8h in 1985but they are n ot
entirely c oT nparable . T his syste m h&白 its adher
-
e nts, particularlyin Eur ope, but the clas sificatio nis
n ot r ob11畠t and has not been畠up pOrted by m olec ular
system atic m ethods.
Re ce ntly, U daga w a(1997)ha母presented a slightly
re vised system , in which Curr ah
'
s fotlr families a re
m airltain ed in part, bllt tO Which a fifthfami ly, the
Am a uro as c a c e a e, ha sbee n &d d8dto acc o m rnDdate the
gener aAm a u ro a8Cu 8, Am a ur o ascop8is, Au x arthroTL
and SpiT
･
OTn a Stix,
Sin ce1985
,
a n u mber of n 即〃 ta X aha.ve been de･
s c ribedth8.iare ap propriateforplace m ent within the
0ny ge n8le8(sens tlCurr ah). T he8¢t&Ⅹainclude sp8CieB
su ch a8 : Ajello mycescT･e 8C e n S(Sigl8r, 1996), A m a-
uro a s cus bzLru nden sl, A. cLEben sis a nd A. tr opu:aliB
(c8.n O et al. , 1996), A m a uT･O a S Ct1 8Pu rPuT･et8S (比o and
Nakagiri, 1995), Apha n oa scus aLL8tr au8 a nd A.
pu n 8 0lae (C且n O, Guarr o a nd Za ro r, 1990),
AT･aChn o myces TLOdoB etOSu 8(Sigler, A bbott 8 nd
w o odg ye r, 1994), AT･thT･Odenna silt)Brae (Curr ah,
A bbott a nd Sigler, 1996), Bilidoca rpzL8 C ubeTL8is
(Ca n o, Gu ar r o a nd Ca8ta丘da Rlliz, 1994), BT･u n T m-
spoT
･
a r etlcLdata(Guar r o, Pun s ola a nd Cano, 1987a),
Byss o o nyge n a ceratin ophlla (Gtlar r O, Pu n8 Ola and
Cano, 1987b), (秒m n a s c ella japo nica (Uchiya m a,
Kamiya and U dagaw a 1995), qym TW a 8tellatospora
japo nic a(Udagaw a, Uchiya m a a nd Ka miya1993)a nd
G
. frigida(Uchiyam a, Ka miya and U daga w a1995);
Myx otTichum aT
･
Ctic uTn(U dag且 W a, Uchiy&m a and
Eamiya, 1994), Na n71Lz ziopsis miT･abui8 (Uchiya m 8,
Ka rniya a nd U daga w a, 1995), Polytoly pa hystrLcis
(Scott, M alloch and Glo er, 1993), and SpiT･Om a Stlx
satu rni8PO ra (Uchiyam a, Kamiya a nd U daga w a,
1995.
A畠 With a ny cla ssific atio n, the addit o n of ne w
specie白 and ne w c o mbin atio n8 0f char actersbr o aden s
otlrp8rSPeCtive o nthe definitio n a nd lirflit8 0f tax a,
a nd o urideas c o n c e r n lng their phyloge netic relations
hips. T his minir8Vicvg discus日e Sth8 Ctlr r e nt 昌tat11日Of
the Ony genales a nd c onsidersthe r ole and relativ e
v alue of8 0 m e m OrphologlC81. chemic al&rLdrn oIBCllar
chara ctersintheta x o no my ofthis O rdEIr,
An o v ervi8 W Ofthefa miliesofthe Onyge n 81e s
Since1985. the Ony ge m al母S (se n8 uCtlr r ah) has
inchlded fotlrfami lies: Arthr od8rrn ataC 8& e. Ony･
ge n a c e & e, Myx otrichacea e, a nd Gym no asc& c 組 e. T he
first tw o are w ell-defined 白iBtergr o ups Which w er e
orlglnally definedorl the ba 8i8 0f n orphologlC &1 and
en zym atic features. Sub5eqtl@nt m Olecuhr a nd bio-
ch即nic al inve stigatio nsha ve c o nfirm edtheta x o n omic
stability a nd the m onophyletic origln Of thesetw o
Glades. Ecologically,,they ar e Similarin I.hat m ost
sp白CiBS arefo u nd o nkeratin-rich m ateri818 a nd thc旦e
gr otlPS CO ntain &pecieB W 811 kno wn for their r ole a 畠
der m atophyteB (TT･ichophyto n BP p. , M icT･O SPOrZLTn
sp p. , a nd EpldeT
･77WPhytonsp p. a na m o rphic 8peCies
relatedto the teleo m orphgen tl白 AT
･thr ode r ma) a nd as
the c au salagents of deep mycos es(e. g‥ Bla sto myces
a nd H L8tOPla s m a. both species of the teleorn orph
ge nus Ajello myce&).
1n c ontr ast, the placem ent of both the My7(0
-
trichace ae a nd Gym n o ascac eaein the Orly geTlaleshas
been pr ob18m atic . Both the Myxotrichaceae a nd
Gyrnnoasc a c e ae irlCltlde 8peCies which m ay c ause
der m atophyte･1ike infectio ns of the skin a nd n ails
and are cons equently of s o m e clinical impo rta nce
(de Ho og and Guarro, 1996).
The Myx otrichacea e, while being 8uPerficially
Si mi larto the Arthr oderm ata ce ae and Ony ge n a cea ,
differ sin being fo u nd prim a rily o n cellulosic stlb昌t-
rate . Ana m orph state8 are OfterL repr ese nted by
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detldritic Stru cture s With br anching crow ns of fe rtile
hy phae that give risetO arthroconidia (fo rm -genera
Ge oTnyCeS and Otdiode ndr on) or pro strate chains of
arthr oc onidia in the for m-genu s Malbr a n chea . Fo llr
teleo m c rph genera I,hat ha vebeen pla.ced here a r c
Gym nostel払tospoT･a, Pseudog ylnnO a8 Cu S, Bys8 0a 8C uS
a nd Myxotrichzm . M olecular evide nce S up po rts the
ideAthat the Myxotrichace ae, in BPite of having a
sllperficial m.o rphological res e mblanc e to the
Art.hroderm atace ae and Ony ge n ace ae, m ay be
ta x onomic ally di畠ta nt fr om these tw o families
(Ea nbleto n, Eg ger and Ctlrr ah, unpllbli8hed data;
Le Clerc, P hillipe a nd GtlaO,1994). Iha v e stlg ge Sted on
s e v eralocc a白iozIBthat thefa mily mightbebest acc o m-
m odatedin its OW n O rder
''
Myx otrichales
”
andthatit
m ay be m o r e closely r elated to in operculate gr onpB
th n to othe r ple cto myceto t18 ta X a(Cllrr ah, 1994;
1g95).
Rece批1y, Hambleto n, Eg ger a.nd Cur ra上 (stlbmit-
ted)hav e u sed IT S8 equ en Ce血ta to chrify the reh-
tio nship畠 a m Ong 8pe Cie8 0f Oidiodendron and Myx o-
LT
.ichu Tn - Res ults show that thesetw o gen era are
intim ately related and form a m o nophyletic gr oup .
T he relatio nsllip of PseudogyTnTW a S C u S and GyTn nO -
stellato 8POT
･
a tO Myx oかichzLm (and Byss oasc u s) i8
n ot clea r a nd m ay ha ve to be r ee v alu ated. Another
c o mplic ation is th上 even t】10 ugh w e know tht
Ps eudogッT n n O aS C ZL8ha s awell-defined Geo TnyCe S State,
ther e a r em a ny GeoTnyC eS isolate8 (e. ど . , u s ual ly
identified asG. pa nn oT u7n) witll n Oteleom o rph a nd
co ns equ ently n o kno w n c o nfir m ed tax onomic affilia-
tion . G. pa nn oTuT ni畠 O ne Of.the m oatC O 血 m on hy pho
-
m yc8t8 Sis olated fr o mskill(Ka n e et al. , 1997) a nd a
better gra sp Of its taxo no mic relationship with other
tax aiBim po rtanttO the m edica.I mycologi8t.
T he fotlrth fa mily in the Ony ge nales, the
Gym r10aS C aC e a e, i8 prOblem atic bec atlB e there is
alm o st no cha ra ctercongr ll e n Ce a m o ng the taxa. As a
c ons eqlle n C e, there are up to S eve npo ssibly u nre18.ted
gene r aplaced here: Acitheca(kn o w n o nly fro m
h8rba riuTn material), Gym TW a8C uS, Gym n ascella.
qγTn n a8C Oideus, Leu coLhecizLm , M allochia a nd Arach-
n om yc e8(Ea wks w orthet al. , 1995). The ty pe gen us
ofthefami ly, qym n o ascus, ha丘Sm all, hy81ine, ob18.te
a弓CO 8POreBborn ein e v a n esce nt a SCi en clo 8ed within a
m 8 8h･like peri diu m. A mito spo ric stat㊤is absent. T he
genus 匂′m na scella is aheter oge ne otlB a8B B mblage of
about a doze n Spe cies, o nly a few of which ha ve
a rthroco nidi_al a n am orphB .
. AB CO8pOre Shape a nd
8tlrfa ce sc ulpttlring･v甲y Widely altho ugh none i白
pu nctate or r etic ulate . Undotlbtedly, qyTnn a S C ella i8
a n a rtific algro叩 e nC O mp&SSing tw o orthr ee Bepa-
r zlt8 a naltlnr elat8d genera. OneSpecies, a. dankali-
ensis
,
hasbeen r eported βe veraltim e8 88 a htl m a n
pat hoge n(s e ede Ho og and Gu a rr o, 1996). A recent
report descri bes a u nlque ClaB8 0f cytoto xic co m-
pollrds,
`
Gym n astatin畠,
” from t his 8peCie与(NtLm ata
et al
. ,
1997),
The m onoty pic ta 王On, GyTm O a 8 C OidezLSPetalos-
poru s, has aL Malbr a n chea 8na m O rPh and a m e8h･like
peri dium . Leu cotheciu ln has athin, hyalineperi ditl m,
palele ntic ular asc o8POreS 且nd an arthroc onidi81 a n か
m orph. M allochia has alo osem e8h-1ik8 Clei8tO -
thecilユm , C O a r8 ely a$
l
pe ru1ate asc ospores a nd o ana -
m orph. AT
･
a ChTW myCe S has a m embranoll Speridiu m
a nd a n Onychoc ola a n a m orph. Sinceits description
(Sigler, A bbotta nd Wo odg yer, 1994), a nin c r ea sing
nlmber of ca s ereports ofATaChno myees花Odo seto su s
a B a nage nt Of onycho myc oBis ha s appe ared(e. ど . ,
C h ba8S e et al.
,
1997). Clearly, thi昌 family is highly
heter oge n eo ll Swith r e spect to the distribution and
c o ngru enc e ofcha r acters.
Clarification of the relation ships a mong the
Gym noa s c ac e a e a nd other o ny ge nale a ntaxa r equ l r e S
both a re-e寸alu atio n of ta xonomic crite ri且 a nd a
se arch fo r n e w Charact･er 8. The follo wing sectio n
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.tlt inesfiv eB O tlrC e$Of ta x o n omic data (asc o m atal
m orphology, a na m o rph m orpholog y･ e c olog y･ chemis
-
try and rn olec ular 8yStem atics) and di8CuSS 8 S the
v allle Oftradition aland m oder n cll a ra CterS ･
sQu r G8 SOft8 XOn OmicdateL
1
.
Asc o m at lT nOrPholog y
Bec ause of the long ass o ciation the BPeCi88 Of the
ony genaleshav ehad with a nim als, a Wide ra nge of
peridialtypesarefo und in thi白 Order･ O ften･ si mi 1ari
･
tiesin peridial m orphology c an indicate relationship
butB Ornetim eBitis mi怠1e &ding. For e x a mple, in the
卵 nera G3,T n n O a S Ca . Cten o myces, Au x arthron a nd
Myx otrlchzL m, Species display a n elabor ate peridiu m
re 白e mbliTlg a br a mble-like enclos ur㊤ Of rigid, thick
･
w ailed hyphae. ln spite of their Striking Superficial
similarity, the8 egener a a r 8 e a ch representative of
differ etlfa milie8.
At the gerLu S18V el, peridialchar acters 8ee mge ner
･
ally to be go odindicators Of relationship･ For exam
-
p18, the species of the gen u sAphaT10a SCu Shav 母a
m embran otlS Peri ditlrn, the 叩 eCi由 Of Au x arthT
.
O nha ve
a retic uloperidillm , and the spe cies of SpiroTn a 8tix
have a Peri dium of c urved or
"
s cimita トShaped
''
hy phae.
Recently tho tlghwe ha ve a cquiredSom eeVideTIC etO
su spect that this featlJ re C an fail, ev e nat the ge n us
level. Ou r ctlrre nt in vestigatio ns sho w that Byss o
-
a s cELS
,
a gen llS Of the Myxotrichac eae in which the
p8riditl mis abse ntor only rudim e ntary, may a ctu al,1y
repres ent a good specie畠 Of MyxotrLchu m, a ge n us
kno wn other wis eforits distinctiv e reticuloperidia.
rD NA Sequenc edata placesBys so a scu s striato spo ru8
a m ong the species Of MyxotT
･ichu Tn (Ham bleto n,
Eg ge randCu r r ah, s ubmitted).
Another e x am plei畠fotlrdin the ge nu sBifidocarpzL8･
T he ty pe ofthisgen us, B･ cube n8is, w asisolated fro m
s oil in Cub8二 a nd has adistinctperidiu m ofyellowi 血,
dichoto m otlSly bra nched hy pha◎. Asc oBpOr e S are
u rlique in being minute, elo ngate and 岬 m m etri血1･
Tw o ap parently si mi lar, yet unde占Cribed species, als o
fr o m s oil(Japa n a nd AtlStr alia) and also with these
uniquely Shaped aLS C O SPOreB. lack peridial hyt)hae･
T hese C O mm O nfe 8ture8,i. e. , Si mi larhabitat(S oils of
w ar mregio ns). similar asco8POr88, a ndthe u niform
o c c urr e n c e Of ubiquin oTle9(se belo w)indic ate that
the6e thr eet& Ⅹa.
are c ongen ericin Spite oftheir r ather
substantial differe nce自in pE)ridal m orphology(Curr ah
et al. , tl nptlblish8d).
A third ex a mple ca nbe fo und in determining the
li mits betw eenATn a urO a S CZL S a nd AuxarthT OT一, both
keratin ophilic g8 ner ain which a 8CQSPOre 8 a r e V ery
similar. Take nOver all,the species ofthesetw oge ner a
display 8 CO ntirluu m in peridal n o rpholog y･ fr o m
c olnpletely aperi diate (in A m a uT Oa SC uS噛 er) to
ba vhg an elabor ate reticuloperiditlm (as ill
Au x arthro ncoTU
l
u8atu m). A mLm rDa 8 C u ShtLehni, with
o nly afewthick- w all母dperidialele m8 nt8, i8inter m e
･
di&tt3.
As c o spore8 in the Ony ge血1eg a r e allsingle
-c alled
and te nd to be e xtrem ely Sm all btltSu rfa ce features
ha v ebee nu s eful, esp8Ciallyin c ases wher eSE Msttldies
have been ap plied. For e xa mple, allthe species cu r
-
re ntly accepted in thi)Ony ge n ac eae ha ve adistinct
pattern ofs malltolarge pits o v erthe stlrfa c80f the
asco BPOreS. When the pit8 a re Ve ry large, the
a s c o spor e w all 1o o由 retictll&t81 T his characteristic
pitting pattern is fotlnd in a diverse selectio n of the
ony gena c ea e, fro m O7Ly gen a tO Au x a rthT O n a nd
Aphan o asc us.
T he char acte rl〕ecom e Bdifficult to ass ess w he nthe
pits ar e e xtrem ely s m alla nd fe w as in S ha n o rella
spu
･
otricha o r whe n the pits ar e v ery large a sin
ATna uT･OaSCLES a LL reL&S. Shano T･ella spIT
･
Otricha is re-
garded as a m ember of the Ony geTla Ceae but if
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asc ospores ar e es8Cntially 8m OOth, itco1】1d also be
placed in the ArthroderI 岨ta Cea.e. T he peri di81-hy ph e
of this species pr o_du ce atte nll ate,･elongate pr oceB Se g
which a re w o u nd iIltO ag yre-like str1Ct11 re S Which ar e
simihr to structures c o m mo nin the Species of AT･th-
rodeT･Tna. AT naL`r Oa S CuS a ure 弘8differsfr o m others in
the genus by having a bright yello w plgm ent, Spir al
peridialele m ents, a nd in lacking keratin olytic e n町 m -
es. Itc o11d be tht the bro 匂.a pits(or r etic11且tion s)
a r e, whe n compar ed to the 8BCOSpO r8 S Of other
A m azL rO aS eZL S SpeCi8 S, a c onvergent Chara cter a nd
c o nsequ ently not illdicativ e of relationship with
spe cieslike A m a uro a 8 C u Snigerand A. 1TL utatu S.
Asc ospore mo rphologyhas alsobe e nofqlle Stion8.b18
valu ein the pla c¢m ent of Ar achn o myces. In this
ge】luB, A . n odos elo sLLS (tele o m orph of Onyehocola
c anade nsis) (Sigler, A bbot tand Wo odg ye r, 1994)ha s
8 SCO SpO reS Which are s m o oth, tiny, a nd tire･8haped
withdistin ct bllt m nke npolar bos sa e. h spite of the
m embra,n o llS periditlm, Abbott, Siglef 且nd Currah
(1995)placed the gen usin tlle Gyrnn o a sc ace aebas ed
on a 8CO SpOre m orpholog y. AphaT Wa S CuS PunS Olae
(Ca no, Gllar rO and Zaror . 1990) which has tiny,
alm ostsm ooth, tire･Shaped aBC OSpOr eS co uldil一dic ate
so m e r elationship to the Species of A7
･
a Chn o myce s.
2
.
An a morph ⅡlOrpholog y
As m entiolled above, azlam O rph m o rpholog y is
c o nsidered a reliable s o ll rC eOf info r matio n e special ly
w he n distingllishing betw ee nthe Eu rotiale8 a nd
Ony ge nales which arephialidic a nd thallic, re spe c-
tiv ely, in their m ode of mito8pOr Og
･
e ne 畠isL.
At the gen tlSle v el, si mi larities in a na m orph are
li mited in their vallle a nd in a fe w ca ses misleading.
For e xam ple, the ana m orph of Re nlspor afla uis sim a
bear s are m arkable r〔朋 mbla nc eto the c onidia.1 state
of AjeltoTnyCeS CaPSZLlatzLS btlt rD N ABeql en C edata
indic ate tha.t thesetw o 革peCie s a re not pa rtic11 arly
clo se(Bo w m a n and Taylor, 1998).
On the other h nd, the m o rpholog y of asextlal
char acteristics of C:hTD･SO SPOriu mparL･U m(or ETn m O n-
sia paT･ U a), an am Orph of the rece ntly described
Ajello myces cre s c e n s, w e re us eful in predicting that.
when fo u nd, the teleo m orph w otl d b匂 in the ge DtlS
Ajello myc e& Both m o rphologic al and m olec ular evi-
de nceha v e c o nfir m edthis relatio nship(Sigler, 1996).
Si mi lar y, the overall 畠i mi 1arity betw ee n the
a n am o rph of Un cin oea rpus reesiia ndthe MaLbT･a n ehea
stage of Coccidio desim mitL
'
s w a s a ni dic ator or a
closer elatio nship betwe en thesetw ota x &, a r elation･
ship indic ated by rD N Aseqtle n Cedata(Pan .Sigler and
Cole
,
1994).
In･the Myxotrichace ae, the dendritic c o nidiophores
are prodtlC ed by m any of the Species a nd theseha ve
been sho w n, atle ast in c ases Where a n a m orphs are
a 8 8ign a.bュe to OidiodendT
･O n
,
tO be strongindic ator of
relatedness(Ha mbleto n,Eg gera nd Ctlrr ah,8 ub mitted).
The m acr oc o nidia fo u nd in the Arthr oder m at ce ae
a r eals ogo odindicator s offami ly relationship ev en if
s o m e
句
gD Od
D
AT･th710derTna SPeCieslackthem entirely.
The sc attered incidenc e of arthr oc o nidia a m o ng the
Gym n o as c& c eae iB Of qtl eStion且bl8 Value bec a use
re18.tioJIShip畠 a mOng these taxa a r e a syet,tl nreSOIved.
3. EcologlC 鉦1data
Few e c ol gic al 8t11die s ha vebee ndo ne with the
Ony genale畠blltit ap pe ars a 卓tho tlghthe foll yfami lies
sho wdistin ct trendsin ter ms ofthetype of nichethey
oc ctlP yin pature (Ctlr rah, 1985). M any species are
kno w n a skeratinophiles andthisfe atureha sbeen us ed
to defin e som e of the ta xa . Fo r e x am ple, the
keratin olytic abilities of the Arthr ode r matac e a e a nd
the Ony gen acea eplacethe se tw ofa mi liesin the sa m e
lin eage ･ Sub白tr ate pr efe ren c e sin the Gym n oasc a c e a e
ar e m or ediv占r s ealtho ughthere s e e ms tO be ala ck of
clea rly defin ed ke r atin olytic abilities . The Myx otri-
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chacea.e are c ellulolytic organiB mS 且nd c ons eque ntly
aree cologic ally di8日i mi 1arto the otherthr e 匂fa milies.
Gen er aliz atio TIS r e卵 rdingh8.bitat can als o be mis-
le ading . Until recently- it w as s up posed that
ony gen ale an fu ngishoul dbe fo und r outinely o n m ate
-
rials e nriched withlくO r atins r athertha nOn pla nt deb-
ris. Lu ml8y a ndCu r ah(1995), howev e r, ha v efo u nd
thatrotting w o odc an be 且habitatfo r s ¢ver alspecies
in the Ony ge n ales.･Consequently, 8 br o ader examin a･
tio nofthe r()le ofthesefungi in rlature needs to be
m ade.
Alm o畠t all determin8.Lions of ker atin olytic ability
in th8 0ny g8n alesha vebe en m ade u sing a Cr ud8 hair
plate ass ayin which hair, pr o videdasthe s ole c arbon
so u r c e,is e roded in o new ay or a n otherby the fu ngtlS
b8ing te白ted. V igoro u sdegr&der8 0f ke ratin a re
Cle arlydistingtlished by theproduction ofpe netr ating
bodie s o rby th8 tlnmistakable en 之ymatic er osio n of
the h air Shafts . T he a卓絶y is diffimlt to u sein the
c ase orspecies which m ay ha veliTnit8d ker atin olytic
abilities or which a refastidio us with respect tO
keratin ty pe. T here is als o s o m eB Vid8 nCe Of 良tr aiD
levelv ariation in keratin olytic abilitiesin s o m e Spec-
ies. CorlS eque ntly, the a s ay lSriot alw ays inform a
-
tiv e and rrlay yield eqtliv oc al re 8tlts (M a rchisio,
FtlS C O niand Rigo, 1994).
1t has been assum ed that the erlZym atic abilities
thatpermit the畠efungito bekeratin ophile8ha velead
to their r ole asv e rtebrate pathoge n s･ In this regard,
the ability of fungi to liv e within the body of a
m a mm alorto c a u se adis ea s ein a ninfected anim al is
a n equiv o c al tax o n o mic chara cte r a nd ge nerally of
little us e abo ve the rank of species. An ex ception
migh te xistin the species 0f Ajello mycesin which all
kno w ntaxa ar e systemic pathogen s of w ar m
-blo oded
a nim als. Ho we v er, Bo wm an , W hite andTaylor(1996)
hav e show n thatin hu rrlarl pathogen B, atle a st. m or e
e volution ary info r m atio n can be obtained by the
c arefulselection and an alysis Of their clos est S8pr O･
phytic relatives. h other w o rds, pathogenicity has
arisen independentlyin Se ver al line ages.
4. Che mic al data
C hem ota x o n omic m ethods (in v olving bioch8mic 81
pathw ays, c ell w allan alyses, iso zymes, fatty 且Cid
pr ofiles etC. ) ha vebe¢n ap plied only r a rely in a
signific a nt w ayto pr oble m sin the syst8m atics ofthe
Ony卵n ale日(e. g. , O kada et al‥ 1995). U biqtlin o nes ,
1oTlg used in th8 畠ySte m atics of ye ast8, a nd m o re
rece ntlyin fila m entotlSfungi(母. ど. , Ku r aishiet al.
1990;Yaguchi, So m ey& and U dagaw a. 196), ap pe ar
to ha ve so m e v alue ill the sy8te m &tic8 0f 8 0m 8
o ny gen ale a nta 弘(e. g‥ FtlkuBhim a etal. ,191;1993;
u d8gaW &,1997). 1n the clo sely relatedEtlr Otialestw o
large studiesha ve show nubiquinone sto be l1 8eft1 at
le ast in the deli mitatio n of 81bge neric 8eCtio n s
(yagtlChi. So m eya and U daga w a, 1996; Kllr ai8hiet
al. ,1990).
The8e e18CtrO n C a rrie qtlin o nederivatives (als o
kn o w n a8COe nZym eQ)h v¢ side chains of i白Oprene
unit白 Which m ay v ary in ntlJnber fro m6 to 10a nd
which m ay als o varyin the am o untof hydr oge n atio n･
A given species us Ⅶauy ha s sev eral ty pe8 0f
llbiquln One B, eaCh with8 differetlt n umber of i80prerle
u nits a nd(or) varyingindegre e ofhydr ogenation･ h
m o stfu ngie xamined8 0far (seeKur ai8hi, Sugiya n a
a nd Ya mada▲ 1991) one ty pe predo min ates, with
respe ct to relative a mouTltS, aS the
"
prln Clpal
ubiquin o ne.
'
In these c om pou nds, chain leTlgth ap･
pe ars to be aflln Ctio m of the a ctivity of pre nyl
tra nsfer a s ebllt the m echa nis m s co ntr ollirlg this
e n zym ear e not u ndersto od(Co nstabel, peps. co m m .).
Co n s equently, iti8 n Ot･ kno w rlif a single taxonomic
lirle age might e xhibitsev e r alty pe s of ubiquinon e o rif
rev ersals in ubiqtlin o ne type should be e叩 eCted.
u biqu l n O n ety pe is appar ently c o rlStant Within a
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strain ctlltiv atedllnder A甲riety of c oTlditio ns; how -
ev ㊤r, it iB n ot know n what factor s infhle nCethe
selectiozlOfthis Chara cter .
At thi畠 pOint, it appears that the inforn a.tion
co nte rltOfthesedata may v aryfrom ta x o nto ta xo n,
arid with 七a xo no mic r ank. T he va.1tl e Of ubiqtlin o ne
data Should be co nsidered m o ot in the abse nc e Of
c ongnlenCeS betwe eno ra m ong other char acter s(e. ど. ,
Sugiya m a, N8･gaiandIくo m agata, 1987).
Nev ertheleB8, a partial data Setfo rthe Ony gen aleB
sho w s 8 0m e interesting patter ns in the o cllr re n C e Of
the tLbiqtlino n c s, Q9, QIOand QIO(tI2). The 皿 OSt
co mprehen sive che m ota x o nomic study c o mpleted s o
fa rhasbee ndo n ebyTakiza w a et al. (1995)lo oking 8t
the qbiquln O n8 distributio n patte rns in 8pe Cie8 0f
Chrys o8POrluTn, m any Of which repr esent a n a m orphs
ofOny ge naleaTlta ヱa. T he s e a uthorsfotl nd that all
iB Olat鶴 belonging to the Arthroderm ata cea.e hadQ9
a8their prizI Cipalllbiquin o ne. In a si mi lar study by
Okad& et al. (1995) 8 0 m e ubiq 血 one Similarities
betw eenC･ im mitis and certain species of Malbr a n-
chea a r e a.p pare nt.
In a n e xamin atio n ofthedistribtltion ofubiq11in o ne8
in the Myx otricha ceae w e havefo undthatllbiquin o ne
ty peisinde8dc orela七色d with m olectl a rdata i皿 tha.t
B o r n elin eageBdefin占d on the ba8iB Of rD N AβeqllenC e
data and m o rpholog ya re c o ngru e nt with llbiquin on e
di8tribtltio n(Cur r ah et al. , tl npubli8hed). Howeve r,
illthis case, the distribution of ubiquinone s9, 10 and
10(FI芝) ap pear within the limits of a single
teleo morphge n us.
Further analys e sof a
■
wide selectionpof tax a a re
reqtlir ed to llnderstand the relative info r m atio n
contentof differellt ty pes Ofprincipaltlbiquinones.
5
.
Mole cuhr data
NtlCle otide seqtle nC e CO mpari80 n 昌havebe e n llS efulat
s everalta xonomicle v elsin the Ony ge n ales. Altho ngh
a c o mpr ehen siv e study of phylogenetic relatio n8hip8
a m o ng Ony genale8.n taコ【ahasnotyetbee n m ade, there
area ha ndful ofpap8rS with ge ne trees Sho wing at
le ast the position of the Ony ge n ales with respect to
other aBC O myCete groups (La ndvik, Shailer a nd
Eriks s o n, 1996; Berbee ot al. , 1995; Spatafor a,
M itchella nd Vilgalys, 1995). In ad dit o n, ge n e 紗
qu e nce8 ha vebe e n us ed to de m o nstrate relatio n8hips
a m o11g 台O m e m Orphologic 且11y ptl名Zling ta x a. For
eB:a mple, (Pan, Sigler 且nd Cole, 1994) w ere able to
Sho w that Uncわo carpu8 rCeSii
'
is phyloger18tic ally
clo 昌8 tO Coccidioidesim mitLs, c o nfir m lng the lo ng-
held 811 8Picio n that the ca u s al agent of c occi-
dioido myco sis i8 & m e mber of the Ony ge n &ce ae
(Cll r rah 1985). Further, Har m s en et al. (1995) used
18Sriboso m 8.1 D N A data to de mo nstr ate the close
relation ship a m ong the de rrn atophyte gen er a
Trichophyto n･ M icT･OSPO rtCm a nd EpideT･7n OPhytoTl.
U8ingtheir datainthe co ntext ofthe m olectl a r clo ck
they estim atedthe age of the der m atophyte cladc at
ap proxim ately 50 mi 11ion yea rs, this dr awing a
pa r81lel withthediv ersific ation ofthesefungia ndthe
div er sific atio nof m a mm als.
At a n even fin erle v el
, distinctline ages within the
spe cies Co ecidio de siTTL mitis ha ve als obeendefined
(Eonfopa no l,, Burt 血d Taylor, 19 7)s ug gesting that
this ta x oTl actual ly repr e 昌e ntB tw odi8tirlCtSpe cies.
T he infor m ation c o nte nt and the c on clusio n8that
m aybe dr awn from molecular8 naly8 eS m aketheir u 畠e
a nindi8pe nSible pa rt of the ta =o n omic pr ocess.
Ho w ever
,
itisim portant to e x er cise So me C autio nin
the llSe Of tlleSe data
. Selectio n of taxa, a nd the
Sele ction of the m ost ap propriate ge neO rge ne s, m ust
be handled wit hco nsiderable skill
･ Dra wing c oncln -
sions on thebasis ofs 8qu8 nC efrom on ege nehaslead
to e r or 白in phylogen eticinterpretatio nin thepast(e.
g ･ ･ 畠e e Badldallf a nd Doolittle, 1997). Simi larly,
genetic datafr o m a ninc or re ctlyide ntifiedspecies ca n
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also b8 frlisle ading (Landvik, Shailer a nd E riksso n,
1996). Irl 且ny taXO nOrnic study, the res ults Shotld be
c ar eft11y co nsideredtc)S e eifthey
'F
m ake 卵nSe
”
with
respect their c o ngr ue ncewith otherfe attlr e S.
Conclu sio n
T he identific atio n of char acterconverge nce in the
line age畠 Of fu ngi is a vitalpart ofta x o n omic mycoト
og y(Hibbett ot al‥ 1997). T he fungi, with their
Sim ple m orphology a nd str u ctu ralp18.Sticity, pre畠erLt
a challe nging proving gr o u nd forI,8 8ting ide as abo ut
relatio nship 8.rid fo r cre ating tax o n omic 8Chc m egthat
reflect the m o st na.tu ral, a nd h8 nCe useful, a r r a nge-
m e nt ofspecies. Classific atio nsthatreflectgen8 Olog y
are n ot O nly 8.C ade mically s8.ti8fying, they are als o
po w erfulto ols irl pr aCtic al色re a S Of hu m a n e nde a v o ur.
ln this regard, the Ony ge n ales, with their u n usual
keratin ophilic t¢ndencies azld m 8dic 81iz71pOrtanCe, are
a nintrig111ng gr Otlp for Study. T he orderdisplays a
nllmber ofchar actersWhich are becoming stlBPeCt fo r
their v allle &8indic ators ofe v oltltion aryrelationship.
For e x a r nple, the ap par8 nt Cha nc e occllrre nCe Oftw o
c onv erge nt chara cters, r eticulope ridia and thallic
co nidiogene 8is. ill the 皿yXOtrichace o u古fu ngile ad to
their in clusio n in the Ony genale昏 alo ngside the
Ony gena ce8 e, Arthroder m at ce8.e and Gym n o a BCaC 姐e.
Cu r r ah(1995;1996)sug gestedthat a c on 8ide r8tio n of
ecological data indic ates that the Myxotrichacea e
m ay belong clo serto the inoperc ulatestha nto the
other Plecto mycetes. Similar c onv ergence s ar ebotlnd
to e xist in the ge nera and fami lies asthey areno w
delin e ated a nd it will be n ecess ary to tl Se a C Ombina-
tio n of t8ⅩO n Omic ap pr oaches to determille Wher e
thesee xist at alllev els ofthe t8.X O nOmic hierarchy. A
bro ad a nd info rm ed ap pro ach to the ap plic ation of
rn o rphologic al, chemical, e c ologlC81 a nd m olec ula r
techniques will be the m ost effective w ayto elucidate
the tr uelin eage8 a m o ng the Ony ge n ales a nd related
ta x a ofplecto mycetouβ fungi. As a res ult, w e c a n
a nticipate h virlg a m u ch better u nderstanding of the
origin and sy8te m atics of m a ny of o ur m o白上impor -
ta ntfungalpathogen s.
Refe re nc es
1) Ar 又, a. A. Y o n. : A re-e v alu ation ofth色 Euroti8-
1es. Pers o o rLia13: 273- 300. 1997,
2) A bott, S. P. , Sigler, L. a nd Ctlrr ah a. S. :
Deli mitatio n, ty pificatio n, a nd taxo n omic place-
m e nt of the gentl与Ara chn o myce8. Sy8t. Asc o-
myc et. 14･: 79
- 85
.
1996.
3)Batld8 uf, S. L. a ndDo olittle, W . F . : Origin a nd
ev olutio n of the Slim e m o uldB (Myc eto富0 &).
Pro c. NA土I. Ac&d. Sci, U S A 94; 12007- 12012.
1997.
4)Be n ny. G. L. a nd 民irnbr o ugh, J. W. : A syn opsis
■ ofthe orders a nd families of Plecto mycete8 with
key8 tOge ner a. Myc ota x o n12: 1 - 91. 19弧
5)Berbee, M . L. , Yo叫 m tlTa, A･ , Sllgiya m a,J･ and
Taylor, ∫. W . : IB Penicilliu m m o nophyletic? An
e v alu ation of phylog白ny in the fami ly
T richo co m a c e a efr om 18S, 5. BS a nd lT S ri bos o mal
D N A島eqtle nC edata. Myc ologia 87: 210- 222.
1995.
6) Bo w m a n, B. H. and Taylor, a. W . : M olectllar
phylogeny ofpathogenic andRo n-pathogeTlic Orly-
ge n ales . h : T he fllngal holom o rph: mitotic,
m eiotic andple om orphic speciatio ninfurlgal8yS-
tem atics. (Reyn olds, D. R. a nd Taylor, a. W . ,
eds
.):169- 178. C A B Inte rnatio n al, W allingford.
1992.
7) Bow m an , B. Fl. . W hite, T. I. and Taylo r, ∫. W . :
HtLm a npathogerlic fu mgl and their close no n-
pathoge nic r elativ es. M ol. P hylog. Evol. 9: 89-
96. 1996.
8) Can o, ∫. , Gu a rr o, ∫. a nd Za r o r, L ∴ Tw o new
千葉大学 真菌医学研究 セ ン タ - 報告 第1巷 5F成 9年 51
species of■Apha n o aseu s(Asc?m ycotina)･ Myco
-
taE On 3 8`: 1.61
- 166. 190.
9) Cano, a. , Vidal,.
P
‥ Guar ro, J. , Ca stan eda Ruiz,
R
.
F
.
and De Vroey, C. : T hre匂 ne w SPeCi8 S Of
A m aLLr O aSCZLSfro m tropic alregl On S. Myc ol. Res.
100: 343- 348. 1996.
10) Cano , J. , Gtl a r r O, J . and CaBta neda Rlliz . :
Studie90n ker atin ophilicfll ngi. ⅠⅤ. Blfldocarpu s,
a n ew gen u softheEtlr Otiale8. Mycotax o n52:
53- 57
.
1994
.
ll) C haba s e, D. , AveJlel･ Audra n, M . , Bo u chara, J.
P. , Cim o n, B. , Ve r et, I. L. , Picha rd, E. and De
Biev re
,
C
.
:I)e ux n o uv 8 8uX C a 畠fr ancais d
'
onyEis
a Onychocola c a nade nsi8. Etude myc ologiqu e.
J. Myc ol. Mod. 7: 43 - 46. 1997.
12) Cur r ah, 氏 . S . : Ecologic al data a nd the
BySt8 m atics ofthe Ony ge n ales. In:Pro ceedings of
the third intern atio n al 町 m pOSiu m of the m yco-
1ogic &18 0Ciety of Japa n, Nov . 30
- De c. 1
, p p. 68-
72. Natl. Eist. M uB
.
h8t. , C hiba, Japa n. 1995.
1B) Cu r r ah, R . S. : Ta xono my of the Ony ge n ales:
Arthroder m atac e a e, Gym n o a B Ca C e a e, Myxotri-
chace aea nd Ony ge n aceaLe. Myc otaxon 24: 1 - 216.
1985.
14)Cu r ah, A. S. :Peridial m orpholog ya ndevolutio n
in theprototu nicate a s c omyceteg. In: As co m ycete
system atics:problem s a nd perspe ctivesin the
mieties, (Eawk8 W Orth, D.
_
IJ . , ed):･281- 293.
Ple nu m Press, Ne wYork. 1994.
15) Cur rah, a. S. , A bbott, S. P . and Sigler, L . :
ArthT'Ode rTn a Silt)白r ae sp . n o v . a nd ChT
･
y-
sospoT
･iuTn O allena re n se, k,e r atin ophil
licfu ngi fro n
a rctic and m ontane habitats
.
Mycol. Res. 100:
195- 198. 1996.
16)de Eo og, G. S.
l
and Gtlar r O
, a. (eds. )Atlas Of
clinical fu ngi. Ce ntraalbure au v o r Schimrnel-
c ulttlreS
,
Baa r n
,
Netherlands Univer8itetRo vir aI
V irgili. 1995.
17) Fuku shim a. K . , Take o, a . , Takiz a w a, K . ,
N ishim ur a, a. and M iyaji, M . : Reevalu atio n of
tlle tele o m o rph of the genu s H istoplasTn a by
ubiquin o n8 Syste m. Myc opathologia 116: 151 -
1 54. 1991.
18) Fukushim a
,
a .
,
Takizaw a
,
K
. , O kada. K . ,
M aebaya8hi, Y . , Nishim tlr a, K . , M iyaji, M . ,
Br u mm e r, P. i. , Cle m o nB, a. Ⅴ . a nd Ste v enB, D .
A. : U biqllinone systern8 0f CoccidloidesirT mitis,
the c allS ativ e agent ofc occidio do mycosig, F E M S
M icrobiol
.
Lett. 108: 24a - 246. 1993.
19) Gtla rrO, .1. , Pu ns ola, IJ . and Ca n o, J . :
Br uT m e OSPOT
･a retlc ulata
, ge n. et spec. n ov . a
keratin ophilic a8 C O myC8te fro mSpain. Per8 0 0 nia
13: 387- 390
.
1987a.
20) Gtlar r O, I , , Ptln 8C'la, L . a nd Cano, J . :
Byss o ny gen a cer
･
atin ophlla, ge n. et sp . n o v. 8
n e w keratin ophilic ftlTlgtlS fr o m Sp且irl .
Myc opathologia 100: 159- 191. 1987b.
21)I-rar m sen, D. , Schwinn, A . , Weig, M . , Br8cker,
E
･
- B a nd Fees e m a n. : Phylogeny a nd dating of
s o m epathogenick8ratin ophilicfu喝l tlSing sm all
m bu nit riboso m al R N A
I
J
･ Mod. Vet. Myc ol.
33: 299- 303. 1995
.
22) Ea mbleto n, S‥ Eg ger, a . N. and Ctlr rah, R . a. :
T he gen 11 昌OjdiodeTldroT乙 SPeCiesdelimitatio n and
phylogenetic relation ship to the Myxotrichace ae
b88ed on nu clearribos o m al analyBiB. Stlb mitted
to Myc olog 胤
23)fraL Wksw orth, I). L. , Kirk, P. M . , StlttO n, B. C.
a nd Pegle r, D ･ N . : Ains w orth Bisby
'
畠 Dic･
tion 且ry Of thefungi. 8th ed. C A B Inter natio n al,
W allingford. 1995.
24) Eibbett, D. S. , Pine, E. M . , hanger, E. , La nger,
G
･ a nd Do noghue, M . :Ev olutio n of giued m tlSh-
r o om s a ndpuffballsinferr ed fro m ribo8 0 m alse_
quenc e s: Pr oc. Natl. Ac ad. Sci. U S A 94: 12002-
12006. 1997
.
52 千葉大学 真菌医学研究 セ ン タ ー 報告 第1巷 平成 9年
25) Ito, T . a. nd Nakagiri, A ･ : Am aur o a s c u 8
purpureu s. a n ew species of the A m aqro asc a c e a e
(Asco mycotina). Mycota x on55: 347
- 352. 1995-
26) Ka ne, a, , Sum me rbell. 氏. . Sigler, L , Krajden, S.
a nd La nd, G, :Labo r ato ry handbo ok of der m ato
-
phytes･ A clinic alguide andlaboratoryrn antl alof
de r m atophytes and otherfila m ento usfu ngi fr o m
skin, hair and n ails. Star Publishing Co. , Califひ
r nia. 1997.
27) Koufopa nou, V ‥ Burt. A. a nd Taylo r, I. W , :
Conco rda nce ofgenege n8 alogie占re Ve als reprodtlC･
tive igolatiorl in th8 pathogerLic fu ngu s
Co ccidio desiTn mitis. Pr oL･ . Nat.1. Ac ad. Sci.
u s A 94: 5478- 5482. 197.
28) Kur8ishi, H ‥ Kataya m aI Fuiim ura, Y. ,
Sugiya m a, a. and Yokoy乱m a, T, : U biq血 o ne
system sin fu ngiI. Distributio n oftlbiq111n O neSin
the m ajo r fami lies of as co mycetes, bash
dio mycetes, and de uter(⊃m ycetes, a ndtheir ta x o･
n omicimplic atio ns. Tran乱 Mycol. Soc. Jpn , 26:
383- 395. 1985.
29) Kur ai8hi, H. ,1toh, M . Tst1之aki, N. Kat&yam 8, Y,
Yokoya m a a nd Sugiya m 8, J. : The ubiquir10-1e
sy8tem 且S a taX O nOmic aid in A8PergllZzLS a nd its
teleo m orphs. In:M ode rn c o n c ep七島in Peniculiu m
a nd Aspergulus clasific ation . (Sar n白O n, 氏. A.
a nd Pitt
,
∫
.
Ⅰ
‥
eds
.)Ple n um Pr ess, New York.
190
.
30) Landvik, ら. , Shai1er, N . F. a nd Erikss on, 0. E ∴
SS UrD N As equ encesup portfor a clo se r elation -
ship betw e8 n the Elaphom ycetales and the
Eurotiales a nd Ony genales. Myco scie nce37:23 ト
241. 1996.
31) Le Clerc, M . C. , Phillipe, H . a nd Gu色o, E . :
P hyloge ny ofder m atophytes and dim o rphicfungi
based on la rge sllbu nitribo畠O m al RNA seque n c e
c om pa ris o n s. J. Med. Vet. Mycol. 32: 321
- 341･
1994.
82) Lu mley, T. and Curr ah, a, S. : A pr eliminary
acc o unt of与O m e un uBtlal Onygenale8皿 fungi fr o m
dec ayed w o od. Rept. Tottori Mycol. In st. 33:
7 - 13. 1995.
38) Marchisio, Ⅴ. F. , Ftl BC Oni, A. a nd Rigo, S. :
Ker atinolysl畠 and its m orphologlC alexpressio nin
hairdigeさtio nby airbornefu ngi. Myc opathologi8
127: 10王ト115. 194,
B4) Num8.ta, A. , Arn agat,a, T ‥ Mino ur8一 , K. andlto,
T . :Gym n astatinB, no v el cytotoxic rnetabolites
pr oduced by a fu ng&1 str ain fro m a. spo nge .
Tetr ahed. Lett. 38:5675- 5678
.
1997
.
35) O kada, 氏. , T&kizaw 且. K . , M 8 8bayashi, Y ‥
N ishim tlra, E. , M iyaji, ” . a nd FukuBhim a, K, :
U biquln O ne By 如 m ,_G C c o n
terLt畠 alld cellula r
fatty a cidc ornpositio n of 8PeCieβ of the for m-
ge ntL畠MalbralWhe a a nd Coccidio desim mitisfor
che m otax o n omic 畠ttldy. Myco8 Cience36: 885-
389. 1995.
36)Pa n, S. ,Sigler, L. a ndCole, G. T. : EvidQ nCefor
a phyloge netic c on ne ction betw ee n CoccidLoides
im miLi8 a nd UTLCin oc arpus T
･
e e Si王(Ony g8 na Ce ae).
M icrobiol. 140: 1481- 1494. 1994.
37)Sc ott, J. A. , M auoch, D. W . a nd GIo er, a. B. :
PoTytoZy pa, a n u ndescribed ge nu sin the Orlygen-
a18S. Myc ologia85: 503
- 508. 1993.
38)Sigler. L∴ Ajello myces cre 8 CenS, SP . n OV . , ta X O n･
om y of Em 7n O n Sia spe cies, a nd rel乱tedness with
Blasto TnyC eS deT
･m a泊 u ls(teleo m orph Ajello-
TnyCe SdeT
･
m a出idts). J. Mod. Vet. Mycol. 34: 3
03- 314. 1996.
39)Sigler, L ‥ A bbott, S. P. and Wo odg yer, A. ∫. :
Ne w r e c o rds Of n ailand skin infection du e to
Onychocola can adeTiS s a nd descriptio n of its
teleom orph Arachno myces nodoseto sus sp . n ov .
J. Mod. Vet. Mycol. 32: 275
- 285. 1994.
40)Spatafo ra, J. W . , M itchell, T. G . a nd Vilgalys,
R
.
: An alysis of gene s c oding fo r s malトs ubtlnit
千葉大学 真菌医学研究セ ン タ ー 報告 第 1巻 平成9年 53
8 eq11enC e8 in _ 日tudyillg phyloge n 8tics of
de m atiac eo usfqn帥1pathogerlS. J. Clin . M icrob-
iol. 33: 1322- 1326. 1995.
41) Sugiya m a, a. , Nagai, E. a nd Ko m agata, K . :
U biquin o nesystem s in strains of speciesin the
bla ck yeast genera Phaco c o ccoTnyCeS, Exophiala,
Hortae a, a nd R hin oEladleLh}. a. Ge n. Ap pl. Mic-
r obiol. 33: 197- 204. 1987.
42) Taki組 W a, . E . , O kad8, K . , M 8.ebayashi, Y . ,
Nishim ura, E. , M iy8ji, M . a nd FllkushiⅡ1a, K. :
U biql血 o ne syste m ofthefo rm -gen u sChTy8 0SPO-
T
.iu m . Myco 8 Cience35こ 327
- 330
. 1994.
43) Uchiya m a, S. , l(amiya, S. a nd U daga w a, S. : A
ne w species of NaT mizz wp5is fro皿 New Je rs ey
B Oil. Myco 8 C le11C e36: 205- 209. 19 5.
44) Uchiy且 m a, S. Kamiya, S. and tJdagaw a, S . :
Fiv 8 0ny genale a zlfungifro mJapa n. Mycos cien c e
36: 211- 220
.
19 5.
45) Uchiyam a. a. , Kamiya, S. a nd U daga w a, S ∴
SpiroTn a Stix s a払T
.
nlspo T
･
a, a n ew 8peCies fr oln
lndo ne8ia nsoil. Myc oscie nce36: 353･ 57. 1995.
46) U daga wa, S. : Taxor10mic studies On plecto-
m yceteB(cleiBtOthe cial a sc om ycetes) . Nippon
E irlgakukn i Kaiho38: 143- 157. 1997. [1n Japa n･
e 鮎].
47) Udaga w a, S‥ Uchiya m a, S. a nd Kamiy&, S. :
qγTn n OStellato 8POT･a, a n e wge ntlBinthe Myzotri-
chace紙 Myc otaxo n48: 157- 164. 1993.
48) ロdagaw a, ら. . t]chiya m a, S. a nd Kamiya, S. : A
- n e w specie8･Of MyxotrichuTn With an Oidio-
de ndr o11 an am OrPh. Mycota言O n52: 197
- 205
.
1994.
49) Yaguchi, T. , Som eya, A. a rid U dagaw &, D ∴ A
re ap pr ais al of intr age neric cla8Sific atio n of
Ta払T10Tn3,C e S based o n ubiqtn n oTle 8ySte m S.
Myco s cie nce37: 55
- 60
.
1996
.
54 千葉大学 真薗医学研究セ ン タ ー 報告 策1巻 平成 9年
